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THROUGH SILICON VIA BONDING
STRUCTURE

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 12/193,950, filed on Aug. 19, 2008, and entitled

“Through Silicon Via Bonding Structure,” now U.S. Pat. No.

8,932,906, which application 1s hereby incorporated herein
by reference.

TECHNICAL FIELD

The present invention relates generally to a system and
method for bonding semiconductor structures and, more
particularly, to a system and method for bonding a semi-
conductor structure with a through silicon via to another
semiconductor structure.

BACKGROUND

FIG. 1 illustrates a method of bonding a first semicon-
ductor structure 101 to a second semiconductor structure
103. The first semiconductor structure 101 comprises
through silicon vias 105 that extend from one surface of the
first semiconductor structure 101 to the other surface of the
first semiconductor structure 101. The second semiconduc-
tor structure 103 comprises contact bumps 107 over a under
bump metallization (UBM) 109, which provide the electrical
contact between the through silicon vias 105 on the first
semiconductor structure 101 and the second semiconductor
structure 103.

During the bonding process, a no-flow underfill (NFU)
111 1s typically placed on the first semiconductor structure
101. Once the NFU 111 1s 1n place, the first semiconductor
structure 101 and the second semiconductor structure 103
are brought into contact with the through silicon vias 1035
aligned with a corresponding contact bump 107 to establish
clectrical contact between the first semiconductor structure
101 and the second semiconductor structure 103. After the
structures have been aligned and are in contact, a reflow 1s
typically performed to reflow the contact bumps 107 and
form a better contact with the through silicon vias 105.

However, 1f a NFU 111 1s used, the surface of the first
semiconductor structure 101 may be exposed adjacent to the

the contact bump 107 (e.g., solder) may flow into the
opening during reflow and establish a short circuit path
between the contact bump 107 and the surface of the first
semiconductor structure 101 as indicated by reference
numeral 113. This can cause defects 1n the first semicon-
ductor structure 101 and the second semiconductor structure
103, or even total device failure.

Accordingly, what 1s needed 1s a method to protect the
surface of semiconductor structures from voids that might
result i short circuits.

SUMMARY OF THE INVENTION

These and other problems are generally solved or circum-
vented, and technical advantages are generally achieved, by
preferred embodiments of the present invention which join
two semiconductor substrates to each other

In accordance with a preferred embodiment of the present
invention, a semiconductor structure comprises a first sub-
strate and a second substrate. The first substrate comprises a
first side and second side opposite the first side, a buller
layer over the second side of the substrate, and a through
silicon via extending through the bufler layer. The second

through silicon vias 105. When this occurs, the material of
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substrate comprises a protective layer located between the
second substrate and the bufler layer and a contact extending,
through the protective layer and in contact with the through
s1licon via.

In accordance with another preferred embodiment of the
present invention, a semiconductor structure comprises a
first substrate and a second substrate over the first substrate.
A buller layer 1s located between the first substrate and the
second substrate, and a protective layer 1s located between
the bufler layer and the second substrate. A conductor
extends through the first substrate and through the bufler
layer, and a contact bump 1s located between the first
substrate and the second substrate and in contact with the
through silicon via.

In accordance with yet another preferred embodiment of
the present invention, a semiconductor structure comprises
a first substrate with contact bumps on a first surface of the
first substrate. A protective layer 1s located over the first
surface of the first substrate, wherein the contact bumps are
substantially exposed by the protective layer, and a bufler
layer 1s located over the protective layer. A second substrate
1s located over the bufler layer, the second substrate com-
prising a second surface facing the first substrate and a third
surface opposite the second surface, with a through silicon
via extending from the third surface to the contact bump.

An advantage of a preferred embodiment of the present
invention 1s a reduced ability of the contact bump to extend
through void 1n the bonding materials and short-circuit to the
surface of the substrates. Accordingly, there will be less
damage to the overall structure, and an increased yield of
usable devices.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present mnven-
tion, and the advantages thereol, reference 1s now made to
the following descriptions taken in conjunction with the
accompanying drawing, in which:

FIG. 1 1s an 1illustration of the bonding of two semicon-
ductor substrates in the prior art; and

FIGS. 2-6 illustrate the joimning of two semiconductor
substrates with a through silicon via 1n accordance with an
embodiment of the present invention.

Corresponding numerals and symbols 1n the different
figures generally refer to corresponding parts unless other-
wise indicated. The figures are drawn to clearly illustrate the
relevant aspects of the preferred embodiments and are not
necessarily drawn to scale.

DETAILED DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

T

The making and using of the presently preferred embodi-
ments are discussed 1n detail below. It should be appreciated,
however, that the present invention provides many appli-
cable inventive concepts that can be embodied 1n a wide
variety of specific contexts. The specific embodiments dis-
cussed are merely illustrative of specific ways to make and
use the mnvention, and do not limit the scope of the invention.

The present invention will be described with respect to
preferred embodiments in a specific context, namely bond-
ing one semiconductor die with a through silicon via to
another semiconductor die. The invention may also be
applied, however, to other bonding processes.

With reference now to FIG. 2, there 1s shown a first
semiconductor substrate 201 with UBMs 203 and contact
bumps 205 formed thereon. The first semiconductor sub-
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strate 201 1s preferably a semiconductor die that includes a
substrate having electronic devices formed therein and/or
thereon and preferably, but not necessarily, also includes
dielectric and conductive layers to provide connectivity and
routing between the electronic devices (collectively repre-
sented on FIG. 2 by the lines 207). There could be any
number of alternating layers of conductive and dielectric
layer located on the first semiconductor substrate 201, but a
typical range of layers would be from three layers to twelve
layers of alternating conductive and dielectric layers.

Alternatively, the first semiconductor substrate 201 may
comprise a semiconductor water to provide water-to-water
or waler-to-die bonding. In this embodiment the semicon-
ductor wafer preferably comprises a plurality of semicon-
ductor die, with each die preferably comprising a substrate,
active devices formed therein and/or thereon the substrate,
and a plurality of dielectric and conductive layers. In this
embodiment, the individual semiconductor die have prefer-
ably been formed on an single semiconductor wafer, and the
individual die have not been singulated from the semicon-
ductor wafer, allowing for a preferred method of processing
all of the individual dies at the same time.

On a surface of the first semiconductor substrate 201 are
located UBMs 203. The UBMs 203 are preferably connected
to corresponding ones of the conductive layers and devices
207 1n order to provide electrical connection between the
conductive layers and devices and contact bumps 2035
tformed over the UBMs 203 (further described below). The
UBMs 203 are preferably formed of at least three layers of
conductive materials, such as a layer of chrome, a layer of
a chrome-copper alloy, and a layer of copper, with an
optional layer of gold over the top of the copper layer.
However, one of ordinary skill in the art will recogmize that
there are many suitable arrangements of materials and
layers, such as an arrangement of titanium/titanium tung-
sten/copper or an arrangement of copper/nickel/gold, that
are suitable for the formation of the UBMs 203. Any suitable
materials or layers of material that may be used for the
UBMs 203 are fully intended to be included within the scope
of the current application.

The UBMSs 203 are preterably created by forming each
layer conformably over the surface of the first semiconduc-
tor substrate 201. The forming of each layer 1s preferably
performed using a CVD process, such as PECVD, although
other processes ol formation, such as sputtering or evapo-
ration, may alternatively be used depending upon the desired
materials. Each of the layers within the UBMs 203 prefer-
ably has a thickness of between about 2 um and about 15 um.
Once the desired layers have been formed, portions of the
layers are then removed preferably through a suitable pho-
tolithographic masking and etching process to remove the
undesired material and to leave patterned UBMs 203.

The contact bumps 205 are preferably formed over the
UBMs 203 and preferably comprise a material such as tin,
or other suitable matenals, such as silver or copper. In an
embodiment 1n which the contact bumps 205 are a tin solder
bump, the contact bumps 205 may be formed by initially
forming a layer of tin through such commonly used methods
such as evaporation, electroplating, printing, solder transfer,
ball placement, etc, to a preferred thickness of about 100 um.
Once a layer of tin has been formed on the structure, a retlow
1s preferably performed 1n order to shape the matenial into
the desired bump shapes.

FIG. 3 illustrates the formation and patterning of a pro-
tective layer 301 over the surface of the first semiconductor
substrate 201. The protective layer 301 1s preferably formed
of a material such as polyimide (PI), benzocyclobutene
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4

(BCB), silicon oxide, silicon mitride, epoxy, combinations of
these, or the like. The protective layer 301 1s preferably
formed through a process such as chemical vapor deposition
(CVD), although other suitable processes, such as plasma
enhanced chemical vapor deposition (PECVD), or low pres-
sure chemical vapor deposition (LPCVD), may alternatively
be used depending upon the specific material used. The
protective layer 301 1s preferably formed to have a thickness
from the surface of the first semiconductor substrate 201 of
between about 3 um and about 20 um, with a preferred
thickness of about 10 um.

Preferably, once the protective layer 301 has been formed
over the surface of the first semiconductor substrate 201
(and over the contact bumps 2035 as well), the protective
layer 301 1s patterned so as to expose the contact bumps 205.
The patterning 1s preferably performed through a suitable
photolithographic process, whereby a photoresist (not
shown) 1s formed, exposed, and developed to expose some
sections of the protective layer 301 while protecting other
sections. An etching process, such as a reactive 1on etch
(RIE), 1s then preferably performed to remove the exposed
portion of the protective layer 301 and to substantially
expose the contact bumps 205. However, while the recited
method 1s the preferred method to pattern the protective
layer 301, other suitable methods, such as a photolitho-
graphically formed hard mask, may alternatively be used,
and all suitable methods for patterning the protective layer
301 are fully intended to within the scope of the present
invention.

FIG. 4 1llustrates a second semiconductor substrate 401
which will eventually be bonded to the first semiconductor
substrate 201 (described below with reference to FIG. 6).
The second semiconductor substrate 401 1s similar to the
first semiconductor substrate 201 1n that 1t may be a semi-
conductor die or a semiconductor water, and preferably also
has active devices and alternating dielectric and conductive
layers for routing and connectivity (collectively represented
on FIG. 4 as lines 403) formed therein or thereon. The active
devices and alternating dielectric and conductive layers 403
are preferably located on a first side 402 of the second
semiconductor substrate 401, with a second side 404 prei-
erably being free of active devices and dielectric and con-

ductive layers.

Preferably, the second semiconductor substrate 401 also
comprises one or more TSVs 405. The TSVs 405 may be
formed by etching a via partially through the second semi-
conductor substrate 401 and a liner 407, such as a barrier
layer, 1s preferably formed in the via of a dielectric such as
an oxide, nitride, or the like. A conductive material 1s
preferably deposited 1nto the via, after which the second side
404 of the substrate may be thinned to expose the TSVs 405
on the second side 404 of the second semiconductor sub-
strate 401. Preferably, after exposing the conductive mate-
rial, the second semiconductor substrate 401 and the liner
407 are at least partially etched on the second side 404 of the
second semiconductor substrate 401 without etching the
conductive material so that the conductive material at least
partially protrudes from the second semiconductor substrate
401 and the liner 407.

In another technique, the TSVs 405 may be formed by
etching a via partially through the second semiconductor
substrate 401 and depositing a dielectric layer 1n the via. The
second side 404 of the second semiconductor substrate 401
1s then preferably thinned with the dielectric layer 1n the via.
After the second side 404 has been thinned, the dielectric
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remaining within the via 1s removed, and a conductive
maternial, with or without a liner 407, 1s re-deposited within
the via.

The TSVs 405 may be filled with a conductive material
such as Al, Cu, other metals, alloys, doped polysilicon,
combinations thereof, and the like. Preferably, the TSVs 4035
are filled with metal. The TSV's 405 are preferably connected
to at least some of the active devices and alternating dielec-
tric and conductive layers 403 so as to electrically connect
the active devices and alternating dielectric and conductive
layers 403 to the TSVs 405 and the second side 404 of the
second semiconductor substrate 401.

FIG. 5 illustrates the formation of a butler layer 501 over
the second side 404 of the second semiconductor substrate
401. The bufler layer 501, similar to the protective layer 301
on the first semiconductor substrate 201, 1s preferably
formed of a material such as PI, BCB, silicon oxide, silicon
nitride, epoxy, combinations of these, or the like. The bufler
layer 501 1s preferably formed through a process such as
spin coating or lamination, although other suitable printing
methods may alternatively be used.

Preferably, the bufler layer 501 and the protective layer
301 comprise the same material. Having the same material
would increase the adhesion of the bufler layer 501 and the
protective layer 301, leading to a stronger bond. However,
the buller layer 501 and the protective layer 301 may
alternatively be made from two different materials, or even
a combination of matenials, as long as the matenals are
capable of bonding to each other.

Once formed over the second side 404 of the second
semiconductor substrate 401, the bufler layer 501 1s prefer-
ably patterned so that the TSVs 405 protrude from the bufler
layer 501 without exposing the second side 404 of the
semiconductor substrate. The bufler layer 501 1s preferably
patterned by a suitable photolithographic mask layer (not
shown) and then etched to expose the TSVs 405 such that
the TSVs 405 protrude from the bufler layer 501. Pretferably,
the TSVs 4035 protrude from the bufler layer 501 a distance
of between about 1 um and about 20 um, with a preferred
distance of about 10 um.

By forming the bufler layer 501 over the second side 404
of the second semiconductor substrate 401, the surface of the
second semiconductor substrate 401 1s preferably isolated
from further contact. This 1solation prevents any matenals
such as the material from the contact bump 205 from
contacting the second side 404 of the second semiconductor
substrate 401 and potentially forming a short circuit that
may cause damage.

FIG. 6 illustrates the bonding of the first semiconductor
substrate 201 to the second semiconductor substrate 401. To
bond the first semiconductor substrate 201 to the second
semiconductor substrate 401, the substrates are aligned with
cach other so that the TSVs 405 are aligned with the contact
bumps 205, and so that the protective layer 301 and the
builer layer 501 face each other.

Once aligned, the first semiconductor substrate 201 and
the second semiconductor substrate 401 are preferably
bonded to each other using a process such as thermo-
compression bonding, although other processes such as
flip-chip bonding or metal diffusion bonding may alterna-
tively be used. While the exact parameters used will be
based at least in part on the materials chosen for the
protective layer 301 and the bufler layer 501, 1n a process
involving thermo-compression bonding a pressure of less
than about 100 MPa, with a preferred pressure of about 30
MPa 1s preferably used. Additionally, a low temperature
bonding, with a temperature of between about 180° C. and
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6

about 400° C., and a preferred temperature of about 250° C.,
1s preferably used, although other suitable temperatures may
alternatively be used.

After the first semiconductor substrate 201 and the second
semiconductor substrate 401 have been bonded together, a
reflow 1s preferably performed to retlow the contact pads
205 1n order to enhance the contacts with the TSVs 405.
However, with the bufler layer 501 between the material of
the contact pads 205, the number of voids that expose the
second side 404 of the second semiconductor substrate 401
are greatly reduced, 11 not eliminated altogether. As such, the
damage done from unintentional short-circuit contacts
between the contact pads 205 1s greatly diminished.

After the thermo-compression bonding, the protective
layer 301 and the bufler layer 501 are preferably cured 1n an
oven in order to increase their hardness and resistance to
damage. The curing 1s preferably performed at a temperature
of between about 150° C. and about 350° C., with a
preferred temperature of about 250° C. Additionally, the
curing 1s preferably performed for a time period of between
about 30 minutes and about 4 hours, with a preferred time
to cure of about 1 hour.

In another embodiment of the present invention, the
protective layer 301 and/or the bufler layer 501 may be
partially cured through one or more curing processes prior to
the bonding of the first semiconductor substrate 201 to the
second semiconductor substrate 401. By partially curing one
or both of these layers, the viscosity of the materials used 1n
the protective layer 301 and the bufler layer 501 1s lowered,
allowing the materials to flow better, and making the bond-
ing process more ellicient. Preferably, the maternials are
cured to between about 70% to about 90% of the total
curing, with a preferred partial curing of about 80%. IT a
partial cure 1s used prior to bonding, 1t 1s preferred that one
or more cures are performed after bonding to completely
cure the matenals.

Although the present invention and 1ts advantages have
been described in detail, 1t should be understood that various
changes, substitutions, and alterations can be made herein
without departing from the spirit and scope of the invention
as defined by the appended claims. For example, the first
semiconductor substrate and the second semiconductor sub-
strate may be either semiconductor die or else semiconduc-
tor waiers.

Moreover, the scope of the present application 1s not
intended to be limited to the particular embodiments of the
process, machine, manufacture, composition ol matter,
means, methods and steps described 1n the specification. As
one of ordinary skill in the art will readily appreciate from
the disclosure of the present invention, processes, machines,
manufacture, compositions of matter, means, methods, or
steps, presently existing or later to be developed, that
perform substantially the same function or achieve substan-
tially the same result as the corresponding embodiments
described herein may be utilized according to the present
invention. Accordingly, the appended claims are intended to
include within their scope such processes, machines, manu-
facture, compositions of matter, means, methods, or steps.

What 1s claimed 1s:

1. A semiconductor device comprising:

a first substrate comprising:

a first side and a second side opposite the first side;

a through silicon via through the first substrate and
protruding from the second side of the first substrate,
wherein a first sidewall of the through silicon via
comprises a first portion between the first side and
the second side and a second portion protruding from
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the second side of the first substrate to a top of the
through silicon via, wherein the first portion and the
second portion are aligned with each other;

a buller layer on the second side of the first substrate,
wherein the through silicon via extends further from
the second side of the first substrate than a furthest
portion of the bufler layer;

a second substrate with a third side bonded to the first
substrate, the second substrate comprising a contact on
the third side of the second substrate, wherein the
contact 1s a conductive bump; and

a protective layer over the third side of the second
substrate such that the contact 1s substantially exposed
by an opening in the protective layer, the opening
having sidewalls perpendicular to a major surface of
the second substrate, the sidewalls being adjacent to the
conductive bump, wherein the protective layer com-
pletely covers the third side of the second substrate, and
wherein the bufler layer 1s in physical contact with the
protective layer such that the through silicon via and
the contact are aligned with each other and wherein the
protective layer 1s coplanar with a bottommost surface
of the contact.

2. The semiconductor device of claim 1, wherein the
bufler layer and the protective layer both comprise a first
material.

3. The semiconductor device of claim 2, wherein the first
maternal 1s polyimide.

4. The semiconductor device of claim 2, wherein the first
material 1s benzocyclobutene.

5. The semiconductor device of claim 1, wherein the
bufler layer and the protective layer comprise diflerent
materials.

6. The semiconductor device of claim 5, wherein the
bufler layer comprises benzocyclobutene.

7. The semiconductor device of claim 6, wherein the
protective layer comprises polyimide.

8. A semiconductor device comprising:

a first substrate with a first surface and a second surface

opposite the first surface;

an opening through the first substrate extending between
the first surface to the second surface;

a conductor 1n the opening and protruding from the
second surface of the first substrate, wherein the con-
ductor has a straight sidewall as 1t extends from the first
surface to a top surface of the conductor;

a buller layer on the second surface of the first substrate,
the conductor protruding from the bufler layer;

a second substrate with a third surface;

a contact on the third surface, wherein the contact 1s a
reflowable material, wherein the contact 1s 1n physical
contact with the conductor; and

a protective layer completely covering the third surface
except for the contact, wherein the protective layer 1s

bonded to the builer layer, wherein the contact has a
bottommost surface 1n physical contact with the buller
layer, and wherein the bottommost surface of the
contact 1s coplanar with a bottommost surface of the
protective layer.
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9. The semiconductor device of claim 8, further compris-
ing a liner located within the opening adjacent to the
conductor.

10. The semiconductor device of claim 8, wherein the
bufler layer comprises a first material and the protective
layer comprises the first material.

11. The semiconductor device of claim 8, further com-
prising active devices located adjacent to the first surface of
the first substrate.

12. The semiconductor device of claim 8, wherein the
bufler layer comprises a first material and the protective
layer comprises a second material different from the first
material.

13. The semiconductor device of claim 8, further com-
prising an underbump metallization located adjacent to the
contact.

14. The semiconductor device of claim 8, wherein the
protective layer comprises polyimide.

15. The semiconductor device of claim 8, wherein the
bufler layer comprises either benzocyclobutene or polyim-
ide.

16. A semiconductor device comprising:

a first substrate and a second substrate, the first substrate
comprising a through silicon via extending from a {first
side and protruding from a second side opposite the
first s1de, the second substrate comprising a contact on
a third side, wherein the contact 1s 1n contact with the
through silicon via, and wherein the through silicon via
has a straight sidewall as it extends from the first side
to a top surface of the through silicon via, wherein the
contact 1s a conductive bump;

a protective layer sealing the third side of the second
substrate except for the contact, wherein the protective
layer has a sidewall facing the contact and also 1n
physical contact with the contact, the sidewall being
perpendicular to a major surface of the second sub-
strate, the protective layer having a surface perpendicu-
lar to the sidewall, the surface being coplanar with the
contact; and

a buller layer on the second side of the first substrate, the
through silicon via protruding from the second side
further than a portion of the bufler layer that 1s furthest
from the second side, the bufler layer in contact with
the protective layer and bonded to the protective layer,
wherein the sidewall of the protective layer extends
from the third side of the second substrate to the butler
layer.

17. The semiconductor device of claim 16, wherein the
bufler layer comprises a first material and the protective
layer comprises the first material.

18. The semiconductor device of claim 17, wherein the
first material 1s polyimide.

19. The semiconductor device of claim 16, further com-
prising active devices adjacent to the first side of the first
substrate.

20. The semiconductor device of claim 16, further com-
prising an underbump metallization adjacent to the contact.
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